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( 2 ) 

1 

<E> * ^r-rrHn±(c^ft^fy[> a ¥S f§i S: ^ t° ^ * > 
[8**« 2 ] !t*il 1 (CfElKt^^fci/ y AJ£j£,f|£ 

[»*« 3 ] ***« 1 Xfi 2 fcllEJtt£>»b;tf y # 
77>f TXffiOJ? $ #150 ji mJ^TT-fo^) C fc £ -f 

[8**« 4 ] 1 - 3 GOV ^Tn^M^iaft^^fb^ 

[s**ii 5 ] g***i i ~4 o^Tfta^aatt^fifktf 
~7. 3 x la 6 K" 1 commmm^c^i-^m^ * 5 - 20 

[ft *E 6 ] ft Jft 1-5 <D\,^-rM*{£fdML<D&fctf 

AJLteftAKottWi** h ft 5 ^ t £ i~S #«fco 
[8***1 7 ] fflfjftJS 1-6 ^^-r^^i-IEffe^^ft^ 

[ft *>I S ] fit* 3 ! 1 - 7 cov^m/jMcfB«^^^ 30 
r >f rifi £ &&jRJBxte&jR8Mfc;4»« £r*h 

[8***B 9 ] 8**jr 1 - s ^v^-f ^^csa«t<offi{t^f 
y ^^^^^^ii^S^^^T, rati IB JW£S-!f 

7- 4 rm^mm&m^ *o m?tz&* mm^ j: '9 hue 

[ffr**Iio] If**! 1-9 ^i>-r*L^{ciB*^Sft:# 
y £ A^teAffig^tijft^fetcfev^-c, ialb^y 40 
JK£ ©xt°^ * iy v /u^i SrMOCVD&tc: £ 5 ft 5 - ^ £ 

?>A*.ft4atsa?»5ft*ftic*3v>-c, a<fc#y 9i^JMi!r 
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2 

J;^>^ftyiy ^A^B B B^r^^-li~s ^v^^fEiS{b^y 
l?Aj|gfl±(2:HVPEffi(c:«J: *3Sfb^y ^ AfeiftSrfiS;**^ 
6 r. t K J: «9 , ^{fctf y 1^31 \f $ ^- is* ^ 

[»*3su] «t*Jii~9^iEtt^»b^fy 

y ***£*£j£«sit\ ^-jS:UfcSfc^y [>A^_bic 

H P SB * ^ S 5BKfiS;* ffl cr> -v- x ^ ^rSil U * ^ ftr 

fE-v^^^^LTfTjfEiifb^y ^AtefiJit-a-fb^y ? 

^jjgfficozc t 3 ^ iX-y SPXti^SrHVPEifeic 

[9l*3Si6] »*tRi— 9 <nmtJ? y 9 ^SMSftXS 
^»5S*ife{C*5V^T, *-fM0CVD*tc± tJ^ft^y 

Jteasr^fts-fr. fi£*L^a^y ^^tt*^a«ricfi 
ffl (D s < & — =. > n x 4r ffi b . »: v ^ -v > > ^ — — > ^ D p x 

[it *ibi7] tf amm^mm<om^ y ^ A*.jB*s 

PESfetc J: !9 ft o ^ i S:«f» 1 1rZ> ~Jj& 0 

fuiE^ft: t mmm^B ^ 77^7 s« & r&5fe it^^i 

fts^f y 7^#ffl^ t° ^ ^> -v /u-sS* § Sr. £4S„ 
[1**3119] IS*iI18(CfE*feC0^ify ^Alji^^fO 

[ff*3S20] ri*xI18(^fEtt^Sft^y ^AljiS^^ 

MfE*^S«^^^7^y ^^SX^g-ft^y ^i^i^i^ 

^ ^ * is -v ^ 1- 6 mt-jf y 

[»*3521] iH*il20(-lE4fecoSfb^ y ^7 A^fe^^ 



( 3 ) 

3 

[W*3S23j »*3520-22(o^i je ti^{iiia*fe©»t;^ 

&JRB £^ L TEA 19 ^^1- r £ 1 1" 5 *tfc D 

j: 9 # tbntzmttf y o ^mm%&mm 0 10 

[»*3S25] »*«20-23fiOV^m36*(-lB*fcO*'jSfe^ 

[ft *i!26] 3E#±^J^ttfli*7 t- -f TKRSrflfi 5 # 

[»»**27] »*«26^|Stt(D*7 r.-f T»&&EtC 
*3^T, |£ 9 f+ttfc ¥*£i6lf 7 7 TSS^^I^Cm 
±5° EJU*3<0ffi;SLk3:Affi± 5° JBJLrt^ffi-efcSwfcSrW 

[B»*3g29] B*3S26—2860V>T JX3&»tCfa<R©^7 T 

IWltmo] |f*:^26~29<Di^i'ixd»(c:iaft<sD*S-7r 

7 7-f7?I^Sfc 30 

[8h*3I32] If jRxi26— 3KD^Ttb^^-fE,ft^-y-^r 

[8**3533] B*3a26'-32(DV^tL3&»^tE<lc^f"7r 

Hfc tflsW* * 5 r cb S: *RM8 £ i" 5 if 7 r 
[st*^34] W*^26~33©0^i*tbJ&»(^IBtt^f"7r 

[oooi] *3s^fi, y !>^*»a**©»ifi 
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[0 0 0 2] 

(GaN) N fifb-f r>A (inGaN) s ftffctfy 

(GaAIN) ^(DGam{k&!®)^m$&, 
K (LED) if — K (L 

D) fflffl-RT, W*4:8?tJ<T^5 0 £ ^GaN^dt^ 

mik & u fcm-^T-v v ^ ffl * tcft -r 5 w^a* * 

[ 0 0 0 3 ] 5^GaNK^-frW¥*ff^^^^*Sft 

W±^*"flli&jR«fflfiK*ffi (MOCVDjfe) ^'CGaN^r^t:^ 
> /^i^fi *ft *S — JUS l^ttffl $ixTV^ a 

[0004] -y-^r-rrSffittGaNtft^ft^afts 
fc , if -7r4T mWL± ttffiGaN £ fiK* ^ -lirfc co "C (t 

7 7- >r ris t GaN t o^tm\mmsk(D^ t c & ^ % ^ e 

jested tV^5ra«t>*USo Sot, S!3^i 

V ^GaN3l t c »^(75jS^:^/jSa^^T l ^ 1/ ^ fcffi^ 

BR * * *LT ^ * V \ 
[ 0 0 0 5 ] if ^T-1 / TS-g±tcj?:< J$fiLfcGaNW^ 
^ > -Y- frtfStAW&Lfr h > "if 7^ 7" T S« S: xyfy 
^W*^ i Bfe* L , GaNCO g Stt^ fc 

^ntl^ 0 GaNc?3||Vl2Kffi^7?^^if > f7 7 4'7l 
K ^ GaN^ t L * ^> -Y ^1 rotfr^^»OM J ? a *8l»9fiffi 

T£fiSrBft*-*-5ifie"C\ t7 7 T i:GaN(0|ftlK»^ 
»WH^fiia-}-S rtfflJ^^^MSc * tl5 cot?, GaNg a! 

MiX\i^t£\i\ f7ijx_ttjapanese Journal of Applied Ph 
ysics Vol. 38 (1999) Pt. 2, No. 3A, pp. L217—219 
t^tt, if 77-Y TSgtiX-htCHVPE (Halide Vapor Phase E 
pitaxy) J: 9 GaN^rlf: < i^-jt S ii% TT^f^ I/— if- 

y^^. «Lt, GaN»fc*Jt*r*Jtti-SiT&^«lft l S 
^"C1/>S^\ CLC0*-ffiSriaK"r5^, SUBd^iflS-eGaN 

[ 0 0 0 6 ] 5— otpfiBHte, t7 7-f7iS^ig 



( 4 ) 

5 

42 W/m ■ KL^ft< , GaNCOlSO ff/m • KtEjfc^T^W'WR 

-r^COfe^^^W^tC!!, LXCaNljf-7- 
[0 0 0 7] iloX«|©lW(t ^7y^^S!)W 

[0 0 0 8] *T«KC0 o<7) i »f±, Jfc??fc#tt60 £ 10 

^SEfbtf y ^? A;f,fVM 7 B!tt5 ^ ^ t'fc5 0 

[ 0 0 0 9] ^mmo~) £ b tc 4, 5 l oco g ^f-i > ^ 
* cofti ^M^S-fbtf y A^»fi*^KtScoK 

[ooio] £ b frc 5 l o£> S iftfc^ 

mt# y ^> A^igsa^sed^ b * 5 ^v<^ * *t- tit 
[0011] 

-£-«Jz^^ s/7 7l Lt#j&*GaKS:ritft *ii:SJS 
fifi±i-xi^ftlz:LX^5/A Sfi^RWMB^aot 

V > 6 o ^ryy^T mm fSGaN £ jRffi ffifil Sfc* s * ft 5 7t 
fc, (JaN(75^a(D^igS"e*Sl±^:# < MoT L£ 

[0 0 12] i^^T^TSS±.TGaNCD^t: 0 ^=3f-->^/U 

LT-|^^»< l^i^l^ H^^fc. L^LIft 
TfTlR cS HX V^t7T-<7 StRWf * mOO— 400 fi m 30 

(C^a t-§ "JHX L £ 5 £ v > 5 RfllHi&s fc 5 ■ ^ C X+j- ^ 7' 
r £ GaN £ OiBftEB3»-0Hft co 3i J; 9 XlStfSR 5 RAH 

[0013] tftfct, ^mmnrnttfy ^ajjmssax 

I'txt7 7^f T^XKSrflsjBU mffB^^r-f T*fr 40 
**Rtoi^7r^Ta5±(c»t;^y 

[0014] ih* t au- 7T-(Tmmt&, 4mm 
x&&mmik$j<Dm : fcft itsi s coasts b 

vtatt arwuft-r s a x & <s 0 
[0015] ^{b;*/y c?^^*^^^^^^^^* 

ttMOCVDffiXttHVPEjSfctc: X 9 fx 5 ttl 
fb#y f>A*»ft4r^r<orit*jl.ft«t 13 fcffi^SLflE-CjfcK 
5t5: tie: J; 9 , t7r^7lfi±^y7rIS:JI? 50 
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jabfe«T% a-fk^fy j>A*jft**MOCVD«fe*Cj: D^t: 0 

[ooi 6] ^mo->mt^\) $j*i$.t£Si(D^}?&**s 

£ r. ^ S: »1» t i- s o ^ co^-^t±GaN^j?ei^ tr ^ 
^jzoTfl&Jiffl^aft^y ^^^r^ft^-^> s-fk^y * 

^ - - >• ^ ^ ^ l x b # y i> a TiiiiJl o ± \c is y 

[0 0 17] ±|a*ft^«t 9»P>*Lfc^b^fy !>A^fe 

#«Xffi?!i^Sft:XfiSff t ¥»s-y-^ r 

fb^f y # A**S*35^ b ft S @ r ^X# 

[0 0 18] b^J3U©»* Lv>fli^(.r.^^x 

JtBa^b^y ^k 0 b 0 ^x ^^/t/^-i 
£S * , i^" 77^ r if ^3£ffi (ciffiffl Lfc i lift 5 

cos* (M— oimm _b(-ifii9f+^fc«T% mktfvv 

Ai®Jz(-c^ btc^fb^f y ^Kl^t^ar^trt 

[0 0 19] S btC^ZlcoKf*: hmtJJV i?A^|*ficO 
xt°^ ^> ^ /u^g @ > tr&JKM 4: ^ L TB£ v ) ^ 

fc&mm&frL-Xfr? (Oft* GaNSfe^Sr^JBLfc*^. 
gR^-eco«S!lS:3aj*<t < SffWi^, ^1"<3 C ^ ^X 

[ 0 0 2 0] ^•fgfflfi^Tc, -ttb^ixJifaS^SriWfc-r 

*-fr*ffiS:«6«i-5 0 Ifi «9 f T J" f fc ^ Jei t77 -f T^S 
CO^ffift^OTTV (Total Thickness Variation) X 5 11 

NO J* fttt * SL * ft V > ti bb X fc S „ 
[ 0 0 2 1 ] *^l^i-t^/c, /p/j^Mlcj; !9#e>axfc 

[0022] 



7 

[0023] [i] ^yr^rm-^mm 

(A) m# 

GaN<o 3i t n # * > ;\s$LWlk itZ-BM&te J: 5 K 5 U 
5 £ Kib 1" 5 fc ft ^ * 7 r T K ftfi f? & frit 5 S 
f*te, GaN t ffil ^JiftlB««ftSr*i- 6#H^ fe ft 6 ^ # 
S? * L V > D Jtffcfft ft, 3£ff W»»««»«4. 5-7. 3 X 
10"° K" ' Offiift"Cfc5co«T^ LV\ SfrOjjftjKKg* 

ft £ Q L ^ Lj»IB3ftffi»dSjfi < ft i^WIt^ b ft 6 

GaNJI coff £ j&s+^djp: ttft te\ { 9 *<S«-r S 

[0 0 2 4] S»f±#»SXfi*fiK-X?fc50dS»^ L 

-re i: , Sfr^fW, r> tttftz^y r 4 TSK±(aJaN^3i 
t^^^t/^llfci:^ -TKRfcGaNJtMg 20 

[0 0 2 5 ] fifi 9 ft(^»SSt7 y ^f7lffi(?)» 
£mTV (Total Thickness Variation) T? 5 /z mJ^Tt? 

7 -f TKSO*® -h(Cj$Si-^GaNCO^ B 0 B tt^SL^ ftV^ 30 

tcf* ✓ w * » 5t &mi$-t z<n&mm\£tez>a 
[ 0 0 2 6 ] .ttmmcDMBmm^^L, ms^w 

ffl«-e*>5 iooo c Cjfffi?cor stm 40 

[0 0 2 7] *i*(CflefflRrflBft^zgfls:i: LTfi. > V n 
IfbftSo ^"-^y^LTij:, #7**t i^yy^—) 
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m W ft 5 o GaN©fifc**Hft T* li^k-i* 5 tuts, ^ 

[0 0 2 8 ] i#/f77 >T 7Kfi(OS*Ifi©»aS: 
fl*«1-S±-C, SflKCOJl £ (1150 /i m^JiT-fc 5 CQ^»4 
L V > B -^[:l*|c:t7 7-f7 * M 5 # ^ T ft 5 ft 

Sr»A/^:#-&t? t , 150 & m£l T tDff S ^ -y- 7 r -< T 

[0029] (b) w-^^yr^r-MK 

[ 0 0 3 0] Bfi9#{t5*.JSft^^T-<T^tt60«ffiH 
ff* LV\ Si ^) oij-^ f 7 7-f 7lS^)I*fi[^ CS± 

5° j^i^coffi (Cffi3tttCffi;&»£) 5° i^r^-c'flv^fciS) 

MV^cffi) cOV^-fft^^-f-SW^, *8if77^'7S 
^l^t 3 ^ ^ > - v ^il m h ft S C ffi St* t -T 6 /c to -C 
[ 0 0 3 1 ] GaW}Cmf&M^t°^ Iris *r ;UJ§ Sr#Sfc 

totc^ N ±E(75a 19 r-r rsffico^Mf±^i^{--c 

tl^rSA Q ottS ^ ^ t> ^JtliT-fe-Se ^7ct7 7^7ig 
£>ftfr 9 t-s ^^Ji(-GaNc^^S/^Rj^ftSi^GaAs^CD 
tiMSSS, fcSVMSLiGaQs -^NdGaO, ^(Di^^ r 

[ 0 0 3 2] P£»3ftW5¥»fi^^T-rTKlSOB[Stt 
T Sffi<^J¥ £ 7^150 u m^T'Cfc -5 t > GaN/^/S-J: L fc 

[ 0 0 3 3 ] — «(CGaN05^lf ^^^yUritft^jClWb 
ft 5 €rft < 1"^^, f7r TWRtom 

& flGaN^ic ^^^/ujftft^ lift fall rtT?fcfttf 
»v^SAi\ S 9 Srft < t^l^S4t 7 r-Y 7Sfi<^ 
)¥ S , * ± IC J**-f ^> GaNJl CO J¥ S t , |£ 9 # h 

ft s * Rmmww^m, mmm <o uw tm$m 

^ ^ , Hffi tfy ft a»3& ^f77-<7 iSffi ± t-fiKfi 1" -5Ga 
Nx t" ^> CO j¥ ^ ^500 ju mS: ffl XL 5 - i fl ft v ^ 

r Ifi off $ \±m~X\ 50 ju mt* fc 5 c 150 ^ m J; «9 J¥ v y 

SS/j^oT^^<ti K**rBfe*-|-5 tGaNmt:"^ 
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[0 0 3 4] (C) m^-Jjfe 

^ 10 

[0 0 3 5 ] »td©0*fl=|iaST-*>So S^E^fi 
[0 0 3 6 ] rilbW^^TiltSft^Ii b'C 20 

*U ffl -e § 5 1 co ft&m&xfi&mwtikfo -eft 5 o :n fe to 

[0 0 3 7]**i:t77>f SS^JcffifflT^ S 

&JRtLT^, GU^fi^:^ r/U^^^^^ = 5/^ 30 

^LT{1, ALO.-CaO^ AL 0, -CaO-MgO^, Al a 0 ;( -CaO- 
MgO-Ba 0 : , M y Al 2 0 3 -CaO-MgO-SiO.S, Al 2 0, -Y, 0 ;| ^ Zr 
0 3 -Y a 0 a ^ , ZrO, -CaO* N Al s 0, -MrO* , Al a 0, -Sift 

yVi^^Mi^-f i BS<b;SiJ&tK/^fi3fe**J £ 

COm^tHt/^ b 4 5 t CO^i-f b^€» 0 40 
[ 0 0 3 S ] l»it7 7^7lS«^ffi^: It 

(MBE) te*fcttfflBrt6T?fe-5 0 * 

m <M& J: o T fiEESg) 1- 3 d t J: mm~t Z> ^"ffi 

IMb * it 7j<^r^> L 7t Ht if 7r4T WM & P£ 5 o 

itf. r-fe 7 5 * 9 ■ MKSil^j (i«lttf&J5 
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[0 0 3 9] Kfffc*7r-f TX«tC0#ffi^(i^ffi«I 
[0 0 4 0] (D) t^^JPX 

CT^FlSic: i V) ^ttfl* 77^ T^«coJ¥ S ^150 y 
TW£j*-r5<75*S»^UV\ t7 7^7igW 

Anxn#^, 7S«^| co SrBSihi" 5 /c ^ ~C 

[0 0 4 1 ] [2] Jilf^^^^^ftft^y 
»b^f y C> -A ^Miii <7?:x t° ^ -Y /Ufigfi (iWI^II 

ft^s^fe ftiocvDjfe) K^ffi^e^ ^v— j£ 

(HVPEfe) J: D fif 5 (D'mj^ LV \ MOCVD^T*(ife-f 0 
t*C0 J; V ^GaNjf SrJgjS-f - o C ^ # # % * fcHVPE^T^ « 
*SS/a*iS«i& s iSv^60-c\ < GaNJi Sr^Kfi S-frS 

rt^t|5 0 7fe*5MOCVDjSfcauWPEffig f$f±^n-Cfo 

5 co r% ^ h co §Htt JiaHR^-f - 5 fc a* T # 

[0 0 4 2] ^-ft^y ?A*.iftftSr-tto^*?fiffij: K) fc 
(SV ^a*Tri£ft Siir 5 r t J: «9 , t77^ 7 Igid 

[0 0 4 3] ^fc, ^-f¥*g B a 0-y-7T-rr^JrtCMOCV 

# 5 (75 (C^j T? fc 5 , MOCVD^ XT A 14 OO J; V >GaNJl 
fife-jf ^ 5 CO T% Til&a t ft 5 GaNJi /J 5 "C ^ s * ^ T'HVPE 
&T*«i|*ftfi8*5S*^5*V < GaNJi Sr^Sft 

S ii: 5 w i /j^ "C * S o MOCVDfe HVPEfecoa^ii-^ «t 

^ , mm&mttf y ^> A^-g^ii' «:»«-r set -e § 

^ o 

[0 0 4 4] ^Jgflfilt It, MOCVD^tC J; 9 TililH^^ 

P BP ;frr 5 3l*Rj*-^ ffl co ^ x ^ §: fliS "T S * ^ ^ * — = 

ti|k#!) »>^Ti^iiooX^^fc^ry ^^teffiSrfiSftS 
t5ri#f#5o ^ ^ ffi 11 X ^ - =. y V'hw x 

lff« ±U SrHVPEjS \z&y> ft 5 CO L (/ \ Zti Id J: 

[0 0 4 5] GaN*i6&«S:#-J-5#JlKffi(±, 
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5 v > ^sf* t y r << t mm &m l it * * , t^^i 

[0 0 4 6 ] [3] g 

if 7 7 ^ T KXaNW£f0Jf £ J? < ^ tf* * ^ 

K I - £ tl f£\ m t° ^ ^ -> -y /WdtftGaNl^jte * if 4: 

[0 0 4 7] [4] Sffc# y !>^KtE 

5 r t x. *? , mk/mttf v v j±m££hfr & * 5 urn 

# y * Sr» 5 It *s T* £ 5 o m - CO £ f* £ L 

"C , GaNJJMSfiJ; 9 tS\eW^^lSv>£#:^$:jl-r5c 

b^^>m-T^m^ ^ t-/j-T:^ ^ 0 z<Dj£#;<Dfib*)mx. 30 

[ 0 0 4 8] Mft.tf y ^AJ; 9 fc*:#ft 

bt\ snfioaiflEcoWBts-. aft 

T/K-^> (A IN) X^Kfk^SR (SiC) 
iStf^fcWK t <Of± % -tCO}Rie*^dSGaNCO130W/Bi 
- KlUt^T. 200 W/m • K % SiC"C490 W/m - K, 

4fcJR"C. 0»J x.(^T/U-^^r> J*0~)lMSm48 W/m • K, jRW 40 
»-^tt398 W/m • K (J^_bi--<T300 KT'COflC) 
<, GaN*^4rf^iaut»'&lc, *^<7MR*aMs J; < 1* 

[0049] m~ <nmfckmiktf!) $£>mt£&<D=^\*# 

^ — -A , ^jUi^^^E^ J; , GaN 

sflc^e^, ait 5^t^t^§ a 

[0 0 5 0] 50 
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[0051] gjigy i 

;vayt7^y^^ (ZrO, -SiQs) Sfr 5 (jRK3Sfil 
t:5.5X 10 G K 1 ) 0> it ffl Jd«®W*tt_htf L , 
flF«ffi±^*JB^^ ^*0. 1 m m©J¥ $ i,fz 0 i fc 

H@50 mni^Lt^ff * 200 /i m<0 f7 7 ^7G ffiSffi 3 (jji 

ii83s«« : 7. 3 x io- g K - 1 ) <DKft\zmmmmtt±if& 

[0052] ±ia^= yt7;^ *Sf£ s t _LfE-y- 
7 7^7«3 ko}&mMmmm±&&m 20 kg/ 

"t?1050 t CT?30j}'BBJlP|R«}*Lfc«, ^±P-bfc 0 CCO^H 
*:*J58iUfc 0 

[ 0 0 5 3 ] m-h-Kfc^^^^-^y 5; y^^Sff/i^-^ 

3 S:fi30 az mtOJS S (C ft 5 * T*WBd L fc*, T > 

T S£ 3 (DJW- £ 1*1 5 *i m± 0. 1 mt' feo/c c 
[ 0 0 5 4] HlfcgU 2 

Htfe^J i -ef^fii Lfct7r ^ r^£Sioco-y--7 r r 

fe 5 , kjn-^^ ltt^^t^ t h y ^ y 

iS * & fltffl L fc 0 xt D ^ ,v > * 7 r£ o « TIE 

•CllOO c CJc:*PjftL. *ffifiOft>ft;«i**^ y— ^^^Lfc 
*, t7 7 ^ T«^3£ffifi0ajS SrSBOlCJCTtf XGaN*20 
nm (7^ $ 31 tf ^ ^- ^ /^J** c? ^ . ^y77i2fe 

GaN*2Mm<^W:S^^tf^^^^/Uj^ftSii-fc 0 1 (1-^ 
tT^ ^ri/^yUfiK-I bfcGaNWS 0 a H J1^7r:i~ o 12(1 

# <b *l # ■ 2£«20 co »rM#t]fi % mm W ^ ^ i~ □ 

[ 0 0 5 5 ] 31 fcT^^rv--yyUfifcSLfcGaN*:fea« 1 £ 

#»S*20OGaNl(itt*Ji 1 «B<OX*»HItffai«*tTo 
fci: r 5, GaN/f 1 teiJM£fi-c*>9 . a^IbO (0001) 

^^^ffir|iim50 sec-Cfc ^ , SSfftfefi 5 I 
t /i^M^ $ Hfc 0 31 t u ^ ^> > -y ;\sf&maNm£mM 1 S: 
6 # il ^ : ffi20 ^±0 ffi H v ^ X t <D "J £ S'J L fc 
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t?3. 5 ix m-efe y> , *¥*attsr^ u/c 0 

[0 0 5 6 ] ^ffiW 3 
mMM 2 -eMOCYDS ic J; K> L1t=-V**is ~Y /H5fcfi 
UfcGaN^JSftJi (75±{^HVPESlC J; 5 GalW&A 4300 ^ m 
* l-^ t' * V Y yW«* £ it fc 0 ffiffl L /cSIM 
Sl*]BlVPE#*T*fc «9 , JR*^ * <^ L-TT V-T-r=_r # 
Xf&JRGa t HC1 4850 c CT;ra£ £ ^T#7^GaCl 4ffiffl 

h"C*)ofcp 10 
[0 0 5 7] »fotLfc3itr^ =¥->ir/^J«*GaN^]»ftJi 

4 5 £4£ I ft , GaN jp-S IliBlc^ fiS *t 
L/c 0 ^/cr.^#ilS«^WILffilc^U^T^^^ '9 4rffl 

4^1" £ ^mWfo t LT te&0ft¥±ai£ 4^ L fc G 
[0 0 5 8 ] g lffijg; 4 
^JS^iJ 3 "e^M L 1t =. t Q * * is -V yUJ**GaN*fe* JI 4 
#i-S*BS1£S:^ s>» : iflBMb*** : *k = 1 : 1 : 4 20 

[ 0 0 5 9 ] # &ixfcf7 T TXffi/GaN^ t^^rV 

-y A-B * 5 #S m& ^^-yr^T mm^£<m\c ft 5 

U^t /Uja*GaN*.5|gAa?^A^ b ft 5 ilflbO mmRt^JW: £ #*J 
300 jti m<£> @ icXffiSr#fc a r. <d i AtKtEJi^ftfeaiW "C, 

cos I? §:9J£ l /c ^ c -5 , § iLW&un <^ mmncv 
[0060] MMM.5_ 

IS 2 t? f^K L fc xt7 v- -V ; ^fiGaN^jS Hi V 4: 
^"i-S'^JlKffii^SiOsMSr^^L, mid 7* h ]) V 
^ =7 y 4 J; K) ffl P fiFfSiiS 3 ju ra» 7> ^ iffi 7 ^ mCO ^. h 

GaN^ tT ^ 3f > -V /HSftli ^<ll-~-20>^jrp i i]^ Sfff [c ft 

5 J; 5 L fc. ^ ^ L /c3£ffi-L (ciHVPEjS J; '0 40 

GaN^jfg* 4-300 ^ mCOj? ^ {C t c ^ ^ y -v /UJ^-ft § iJ; 

^Ht7>t^7 * & t/4fe HGa <^ HC1 jJ X & 850°C T* 
RJCSii:r»fcGaClSrfieffl L, ^r-y U TJj^ t LTtK^ 
^/^ Srfi^ffl L/c a ^e^-V^^/Uj5Hf^LSmo50 n C^fe 
D , J**iS ft (-180 u m/h 1? fc o fc o 

[0 0 6 1 ] W^ixfc^tf^drv'-YyujsSftGaN^teftJi 
^rftS^i»lt GaN^tt* « « Bi K A ft fiS« 
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[ 0 0 6 2] MM 16. 
ES100 mmStt^ff £ 500 jum<7)^ 7 T hRffi (^J3^ p j1 
fillS : 5. 6 X 10" « K" 1 ) COf^ffi 4 ± 1 ^ mC05p±J.*^W* 

* 300 ± o. l mco if 7 T T A ffi -Sffi JtM SrttffiOT 

[ 0 0 6 3] ^77r^f I-SflEO— ^COffii:^^T-rT 

6n^f^^»^it7i 0 rni-350 o C"C2n#l^^!?!^a 
feffilfcir^ "fyyr^ Mfl^t7 7 ^7SS(i 

[ 0 0 6 4] Sbilft^777-f bSft/t7r^7S 

KWB'J«*ffiffl LTt77^f TKKSriKjSO ai 
m^.i¥ ^ Id ft 5 * -cfflfi'J L /c® s ^T^y KBF*5B«E 
Srffi ffl L T ftflF»&t/«EEWEitt±tf Lfc 0 ^ ^ y 

±0. 2/imt?fcofc 0 
[ 0 0 6 5] ^jfegij 7 

(C J: •} GaN^*§£ * 1 m inlDl * (C^n ^ */ ^ /UjftS 

^ U7^-7^/7 ^ Mi ^^/u^y l? ASrftffl 

°C(-Tt'f TGaNS:20 nni60ii:^ t:° ^ dp- ^ ^U^cS 3 
H\ '<>yyrm%: : fc!&Lti 0 & h l£*g*Kff>?flAftlO 
50 D C!d±!f GaN*jB*4:2 am^USlCi W^rv't 

[ 0 0 6 6] ^e^^r->-Y/VjS*UfcGaNJ!Sr*-i-6# 
Jl !l¥i§L-C # H V > ft KB ^Lt C^xif^i/ 
^^J$ftGaNS^Sffi©X*|@tlTffl!l3£S:fTofc ^ ^ 5, G 
aN*ti^t6ftT?fc t) , />^7^0 (0001) @4:MLTV^ 

0 seel? fc !9 , A#ftttflt£ Sr^rf- ^ct ^SflfcR $ tl 

[ 0 0 6 7 ] M*M. 8. 
UMi^ 7 Tf^JK L fc #«KffiWGaN**SA H ±fCHVPEjfe 
Id c t *9 GaN^-^il 4-350 ^ m^i? £ tf^ /H^-JI 

^ t LTT>'^^r^^x^rJ^MGa^HCl^>>4•850 D C7:' 
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Rj££i2rT#fcGaCl«:ffi/H L, *^l)Tjf*k LTzk* 
ytf^SrflEJSUfcg fi£*agL*H1050 < CT*fc»9 , fig*5SS« 
80/zm/hT*&>o7c 0 
[ 0 0 6 8 ] Wbnfc^tf ^dr^^/U^ftftGaN^iftfiJl 

^""to#i X4S fi*ffi an ft ittiv to ^e/u 7 p a* f! 
lt(iiy^i:?«^^Lit D 10 

[0 0 6 9] mmm g 

[ 0 0 7 0 ] UMlgiJlO 
BlflSO mraa.tJ5J¥S300/zDiOn?BjSfeieAlNKft: (tftflgKffi 
ic : 4. 5 x io" < K" 1 ) <7>K-ffi{c«®?3FBttJitt p «:lte U 

1*250 mma.D 5 ff$200tfin(ORJgf-7r^TKS (C 
Hi0.5 o ^-7, 7. 3X10" fi K" 1 ) Ojtffi^M 

[0 0 7 1 ] JifEAlNSft:^ iJ-:7 r ^ TMgO&JBMK* 

25 kg/cm 3 COiRfS**Px.fc2R1IKT% 30 

[0072] WbKfcAlNKfls/^^r-rTKKco*^ 

teSS-eWBiJbfc^, ^T^> KW*iSffiS:fleffl LX 

ft y T << 7 ^*COJ¥ £ ft 5 ju m± 0. 1 u m-Cfc o fc„ 40 
[ 0 0 7 3 ] gjfeMil 

*K6ffdiO"ef^ai LfrBc^afeK^Hj-:? r -< 7ffiJbKM0CVD 

ftt£ J; 5 GaN4U£iil £ 2 <u mCDff $ Id rc b c * ^ -> ^ 
£-^fc 0 fl£fflLfc3S««1HS#0EMOCVDJPt?feip, Kfi- 
LXT^T^i h y ^5vU;tfy ^jU^rffiffi 
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[0 0 7 4] ^hthfc^^^^'i^^/^-MaNM^^ir 

^X^lHlSfSJ^^tto^^ n 5, GaNJIfi#jgft-efc 

A**^ (oooi) BSrSL-CV^wir^flfcBStL 
"Ac. ttPy^VW-z^ttHlt 240 sec"efc 

SS^ <^ HiaSB^iiS * ©itt¥ttX2. 5 p. mXr& 

[0075] aSM ig 

Efl50 mm^D ? J?$300 i LMii^^>7^ r > (H 
gll^t : 6.0X10" K 1 ) tt^bO mm^tJW^200 
M m(7) -y- yr-iT C IIS (ftlSSS : 7. 3 X 10" 6 
K" 1 ) ^4-, CaO-AL 0 3 -MgO-SiO, % V jVfT— ^ffiffl LX 
^«L^ Q iS^^^»[HMT1500 D C^t/10 

[ 0 0 7 6 ] It^^/c^^^fyA^^^fr/i^^r-r 
T 4 TM^I^^g ct O {c v v $ * &m\/^xte d i^j- 

j*mmz.f&m£)nit'9-7T << rmmm $ « 5 ju 

m±0. 1 ju mX?fcofc. 0 

[ 0 0 7 7] J|J|Mi3 
SH6fi»Jl2-ef^K L/cif -frStS^"b-^ r *f TffiJb«CM0CVD 
fetC J: 19 GaNW^ffs 4" 2 ju mtDW S t:° ^ -> -V yU^Sft 

^/^^ Lxry^=7^t I> y ^^/u-^ry ^-^^fi^ 

rJ^ ■rift'&SS 7X^#ffl y ^ * -c! 1 00°C tCiDSft L , i^iS £D 

ktti* ^ z y — - > ^ l yc » , mwM.}^. ^55o°c t 

(fTGaNS:20 nmtfW S (drc fc D ^ ^- /^fifc* ^^^7 
7 7ieM $ b ?jm.iS ^ 1 0 5 0°C ( C Jr. (*t* T s 

GaN^r 2 /i mCDjf: £ |Crc v'-V^fifeit £-fr£: 0 

[ 0 0 7 8 ] Sbtbfc^tf^^v'ir/^-fiGaNHSr^-t- 

T-fc!9, /N*ftco (0001) BSrlLXV^It^fllB* 
Hfc D P :y^>^^-^c7.^fjSigf^260 secX?*? 9 , Jil 

¥iJ=LM(-g^T^^ix'-9 SrSDSLfci: r 5, IIHStO 

^*si5 1 mmmM s ^^^±&-c3. o M mxfc t? , j=l^t- 

[ 0 0 7 9 ] IMtlU 
HIM 2 tHfl|CQ^ffiT^»bfc#«*«OJ¥S 5 Mm 
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(D =n b D & * is •¥ /WjSft GaN J£ t£ A € ^ * ffi.l - — y ^ & 

o. i &m(om£ \z.mm u ^ns^^ * ^v^*®^ 

SE50 mm^UW$200MmCOi|ff)tS{-- : S*$ii:, 20 kg/cm' <D 
fflf * SriP x tz itm "C , T ;w =r > # ^fllCftof: F*9 
"ClOSO^^ao^MJtiDjRiftWLfca, ft^PL/c 0 ^r^jft 

SSt- ft 5 J: 5 ^17 s'^*SrJB^TW!9fcH:)\ 10 
[ 0 0 8 1 ] mM MiB . 

mmn 4 t*{EH 1- fcGaN#^s co s sisis * , > v> i> 

Ms&jYL X mniRt/JS: £ 330 m m<0 R 7gAlN«S»XtR 

z£4££> ai^V'^UAWSr^L TGaN^Sg H S # B£ 9 
V > fcGaNa-&*«S:#fc 0 

[ 0 0 8 2] jHffiguig 
*ft#!J 5 t P«JdHVPE*fe^ J: 19 GaNJJMgfi, tf ^ > 

[ 0 0 8 3] HMlgi]17 

in 3 (c^i-j; 5 tc % mmmiQ^mhtitznmmit^]) $ so 

A^fefi^S Afc*tRl5_b(CSi K— 7° (n = 5X10 17 c 

m" 8 ) GaNd» bftS^y7ril4 (J? £ 2 ju m) , Si K— 

"7 a (n=5X10 17 cm"') Al 0 . 0 7 Ga 0 . » a Nrt»& ft 5 ^ 7 y K 

JB13 (ISl.O/zm) , Si K— 7° (n = iXl0 17 cm" 3 ) GaN 

/O^^bft^SSCH (Separate Confinement Heterostructur 

b) jfl2 (JP£0. 1/j.m) N Si K-^XiiTy K"^ln 0 . 2 

Ga 0 . ■ N/Infl . „ B Ga„ . „ » Nrt> b ft 5 #1|ft^*FH 1 1 (i¥ 

£30A/50AX3) H Mg]~7" (p = 2XlO' 9 cm"") Al 

„ . ■> Ga 0 . h Nfrh ft 6 it— 7 P — Kit SlO ( $ 0. 02 

jura) , Mg (p=2X10 ,B cm" 3 ) K— 7"GaN*»fc ft 6 3tH 40 

9 (JP SO. 1 ^ m) , Mg K— 7" (p=2X 10' "' cm 
a ) Alo . 07 Ga 0 . 9 3 Nt!p &45^7 3' KS 8 (j¥^0.5/.z 
m) , &t>*Mg K— 7° (p = 2XI0 M! cm' 3 ) GaN/j^ ft 6 ^ 
hl7 (ff S 0. 05 /i m) ^JIIS^^J* L , if — 

^V^- K (LD) Sr^SiLfcc 
[ 0 0 8 4 ] ^(DWl, \y\mc V=7 4 ^y^^f^-X. 
4 At m^O^S S 0. 4 m mCO y 5/ ^WiSfrf^ja L , WiBcfts* 
£rTft^/c 0 ^^(CU : y>?COj-^^Ni/Aiififfi^^j* 

«{CJ±Ti/Al«ffiS:^ffi^?gj* nit- 5 y ? Sfiel 50 
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[ 0 0 8 5] ^^LDat-T-(-:ilH1""o^, L t V^fflE^SE* 
j£4. 5 kA/cm 2 , L#V^tt«JE5. 4 VT\ 

C C. 30 mWKft^l^V^TSOOO^pBi: ASft?fcofc„ * 
S 85 % «± (7^-7- ft« ft «Ftt* s » tlt^o 

[0086] Ek±^mw\z ^ y> ^f^m(-m^) l/c 

T T Kffi±(-GaN*feS t° ^ -V is ^Bfcft $ -fr 5 

■f , El 1 1 KtgUI a { b« « ¥S el *f It^Mt^ 
r *ST*# 5 C A.tfGaN£A^tC tAlN-^InNRVn H b 
CQfflft^, GaNAs#COGaN^$tfiai{t^«^«fls:fc3itf 

[ 0 0 8 7] 

CD S 5 £>ft^^ tf ^ ^rv'^r^^SGaN^.ftSaSr*-*" 

(2) Ste^r^/j^J/^tTX.^/c^, ^7y^i?)4 
t^GaN#jgft^giL*S*S*t-#5 ^ £ #-e# 5 0 

(3) Sffico|»*3fiSSS^fi 1 x.Sfci?), *P8-C»oio 
/tGaN^f B COii 5tKS*^«^#5 r ^"C* 5 C 

(4) U"7r-<TKtE3& s S(f^^cft, GaN^COt^^*^ 

< , aftfpRcoav^GaN^jsft ji ^^t/HSiifi 

(5) *:R6*a^te<. seftfpW^Ai'^GaN^iftoei: 

(6) GaNB*ftfi»tt^av^ft:(-ftS«9#X"Cffiffli-5 

[ms^ffimftfM] 

in 1 ] ^mmoi^-y r ^ Tm&mm^-m&^i-m 
[i2] 01 o^yy T 4 rm^mm^mtu u $ ^ 

1 GaN^AW 

4 S*JI 

5 Sft: 
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6 plli 12 n-GaN^bft-SSCHJI 

7 p-GaNfl* b ft 3 =■ * h if 13 n-Alo .. 7 Gao. , a N^P)4S^7 y KJB 
S p-Alo . o t Ga 0 . 0 3 Nt^ b45^7y I *JB 14 n-GaNj&» b ft 5 ^ y7rl 

9 p-GaN35*fcftS3tffllSiifeJB 15 n-GaNifilXlg 

10 p-Alo . s Ga 0 . . M* b ft ^f— :7 n — RjhJi 16 nliS 

11 MQW (InGaN/InGaN) X3 
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(54) METHOD FOR PRODUCING GALLIUM NITRIDE SINGLE CRYSTAL SUBSTRATE, FREE STANDING SUBSTRATE FOR 
EPITAXIAL GROWTH OF GALLIUM NITRIDE SINGLE CRYSTAL, AND DEVICE ELEMENT FORMED ON THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a large-sized gallium nitride single crystal 
substrate which is free from cracks or warps, and also to provide a method for 
producing the same. 

SOLUTION: A single crystal sapphire substrate 3 is laminated on a substrate 5 so as to 
form a sapphire composite substrate 10 and a gallium nitride single crystal 1 is 
epitaxially grown on the sapphire surface of the sapphire composite substrate 10, thus 
forming a multi-layer substrate having the gallium nitride single crystal. A standing 

substrate 15 composed of the gallium nitride single crystal is obtained by removing the 20-. 

substrate 5 or the substrate 5 and the sapphire single crystal substrate 3 from the 
multi-layer substrate having the gallium nitride single crystal. A device element is 
formed on the standing substrate 15 composed of the gallium nitride single crystal. 




